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(54) High strength aluminium-magnesium alloy material for large welded structures 



(57) The present invention provides a chemistry 
window and method to manufacture light weight Al-Mg 
alloy plate materials having significantly improved 
strength in both soft and work hardened tempers as 
compared to those of AA5083. It is claimed that the 
materials produced according to the present invention 
have ductility, pitting, stress and exfoliation corrosion 
resistances equivalent to those of the AA5083. Further- 
more, it is claimed that the material of current invention 
has improved long term stress and exfoliation corrosion 
resistances at temperatures above 80°C which is the 
maximum application temperature for the AA5083 alloy. 
The method comprises of the following manufacturing 
steps: homogenising an alloy ingot containing 4.5-7 % 
Mg, 0.4-1 .2 % Mn, 0.4-5 % Zn. upto 0.3 % Zr, upto 0.3 
% Cr, Ti upto 0.2 %, Fe and Si upto 0.5 %, Cu upto 0.4 
%: hot rolling the ingot in the range 400-530°C: cold roll- 
ing the plate with or without ihter-annealing: final and 
inter annealing the cold rolled material at temperatures 
in the range 200-550°C. 
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Description 

FiPlri of invention 

The present invention relates to a composition window and a method of manufacturing light weight, higr . strength 
- Al-Mq alloy plates to be used in the construction of large welded structures such as storage containers, vessels for 
Irine ana" tone transportations. For example, the plates of this invention can be used in the construction of manne 
tXoSon vesselssuch as catamarans of monohull type, fast ferries. High speed light crafts ^^fj 
the present invention can also be used in numerous other applications such as structural materials for LNG tanks. Silos. 
w tanker lorries and as tooling and moulding plates. 

Description of the related ar t 

Al-Mo alloys with Mg levels > 3 % are extensively used in large welded constructions such as storage containers, 
. ,s vessels for land and marine transportations. In particular, the AA5083 alloy plates in the soft ^ work hardened^ tern- 
" 'nenTare used in the construction of marine vessels such as ships, catamarans, h.gh speed crafts. The plates of the 
AA5083 alloy in the soft temper are used in the construction of tanker lorries, dump trucks etc. The main reason for the 
versatility of the AA5083 alloy is that it provides the best available combinations of high strength (both at anient and 
cfyogenTc temperatures), light weight, corrosion resistance, bendability. formabi.ity and weldability. The strength of the 
20 3S «n be increased without significant loss in ductility by increasing the Mg % in the alloy. However, .ncreas- 
^1he%M in\l Mg alloys is accompanied by adrastic reduction in exfoliation and stress corros,on resistances wh,ch 
may be attributed to the increased extent of precipitation of anodic Mg containing intermetal.ics on the grain boundaries 
Recently, a new alloy 5383 has been introduced with improved properties over AA5083 in both ^^^^ 
tempers In this case, the improvement has been achieved primarily by optim.s.ng the existing wndow of AA5083 alloy. 

Summary of the invention 

The objective of the present invention is to provide an Al-Mg alloy plate with substantially improved strength in both 
soft and work hardened tempers as compared to those of the standard AA5083 alloy. It 
the present invention offer ductility, bendability, pitting, stress and exfol.at.on corrosion '^^ n £^°* 
of the AA5083. It is also claimed that the welded joints of the present alloy have Ngher strength than those of the stand 
ard AA5083 welds. Furthermore, it is claimed that the material of current invention has .mproved long term stress and 
exfoliation corrosion resistances at temperatures above 80°C which is the maximum applicator ' te ^ erat " re J° r ^ 
AA5083 alloy. The above mentioned claims follow the inventions that, higher strength levels .n both work hardened and 
soft tempers can be achieved by increasing the levels of Mg. Mn and Zr. and the stress and exfol.atoncorros.on resist- 
ances at hjh?r Mg levels can be maintained by precipitating relatively less anodic Mg and Zn contain.ng .ntermetallics 
within grains The precipitation of Mg and Zn containing intermetallics within grains effectively reduces the vo ume frac- 
tion of grain boundary precipitated, highly anodic, binary AIMg intermetal.ics and thereby provides signrf-cant improve- 
ment in stress and exfoliation corrosion resistances to the alloys of the current .nvenfon at highe Mg levels Jhe new 
alloy plates can be manufactured by preheating, hot rolling, cold rolling with or without inter -anneahng and 
ing of an Al-Mg alloy slab wherein the composition of the ingot contains 4.5-7 % Mg. 0.4-1 .2 % Mn. 0.4-5 % Zn upto 
0 3 % Zr. upto 9 0.3 % C, upto 0.2 % Ti. upto 0.5 % Fe. upto 0.5 % Si, upto 0.4 % Cu. the ^^J^C^i 
and other inevitable impurities. The conditions are such that a temperature for preheat .n the ^nge 4^-550^ C and la 
time for homogenisation not more than 24h; the hot rolling preferably begins at 500°C; 20-60 % cold roll.ng the hot rol ed 
45 ptete will or without interannealing after 20 % reduction; the final and intermediate anneal.ng at ternperatures ^.n the 
range 200-550°C with a heat-up period between 1-10h, soak period at the annealing temperature .n the range 10 m.n 
to 10 h. The annealing may be carried out after hot rolling step and the final plate may be stretched by a maximum of 6 
%. 

so Detailed description of the preferred embodiments 

The reasons for the limitations of the alloying elements and the processing conditions of the aluminium alloy 
according to the present invention are described herein below: 

55 Chemistry window 

Mg • Mg is the primary strengthening element in the alloy. Mg levels below 4.5 % do not provide the required 
strength and when the addition exceeds 7 %. cracking occurs during hot rolling. The preferred level of Mg ,s .n between 
5.2-5.6 %. 
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,an> lo, resistance against cracking during weWng ^^^SS£^2= Sore .he Zr level mus. ba kept 

needed, j • ^ rt i;Hrfi^a+inn nf both inaots and welded joints produced using the alloy 

levels must be kept below 0.2 % and the preferred range for ^.sOO^a I ^ Mn pg |eve(s 

below 0.5 %. The preferred range for Si is %• Mn and Zr Therefore , to 

Cr : Cr improves the corrosion resist ance o ^^J^^^V^ -nge for Cr is 0.1-0.15 %. 

rosion resistance of the alloy plates of the current invention. The preferred level for Cu is 0.1 
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Preheating and hot rolling 
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Thepreheatingpn^ 

tiple steps, in either case, preheating decreases SSS exit material. If the 

steps. Zr. Cr and Mn can be intentionally precipitated to contro, ^ e " 1 '^ r ° s ,"2" uate Furthermore, due to substan- 
treatment is carried out below 400°C. the resultant ^T^^ JKSfKLp!^ below 400'C. H the 
tial increase in deformation resistance of the stab .ndustr *™^££w£ formation. The preferred time 
temperature is above 530°C. eutect.c melting ^ ^ur .n^^raD ep ^ ^ 

window to perform the above preheat treatment is between 1 «™J**^ % ™E£ pa 9 ss JJ hed P ule becomes more 
500°C. With increase in the Mg % within the window from the preferred Mg A>, tne in.na. pa 



critical 

Cold rolling and Annealing 



A 20-60 % cold roiling reduction is applied to hot rolled plate iS^S^ISSSS 
so that the precipitation of anodic Mg containing during rol.ing. 
rolling reductions in excess of 60 % without any ^T^^^^^^A reduction to distribute the Mg 
In case of inter-annealing, the treatment Preferab^ carnec can be carried out in cycles 
and/or Zn containing intermetallics uniformly .n the ^r-amiealed ™ ™J cooling down from the anneal- 

«5 comprising of single or with mu.tip.e steps in e.ther *^>»«£ a ^ ^S^SSS^M * the range between 
ing temperature. The heat-up period is in between 10 m.n to ^^i^Sl^Cto produce work hardened tem- 
20 9 0-550'C depending upon the temper. ^^^^^SZ SJ2« h b*««, 15 min to 10h. The 

so ing are similar to those of the final annealing. 
Example 

Table 1 lists the chemistries of the ingots used to produce soft and work hardened temper materials: 
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Alloy 
Code 




Mn 


Zn 


Zr 


Ti 


Fe 


Si 


Cr 


Cu 


Al 


Al 


4.54 


0.64 


O.l 


0.005 


0.02 


0.24 


0.25 


0.1 


0.08 


Remainders 


A2 


5.2 


0.8 


0.2 


0.12 


0.13 


0.25 


0.13 


< 0.01 


0.09 




A3 


4.7 


0.8 


0.4 


0.13 


0.14 


0.23 


0.14 


< 0.01 


0.1 




A4 


4.7 


0.8 


0.6 


0.13 


0.12 


0.23 


0.13 


< 0.01 


0.1 




A5 


4.8 


0.8 


0.2 


0.17 


0.13 


0.23 


0.13 


< 0.01 


0.1 




A6 


4.8 


0.8 


0.2 


0.25 


0.13 


0.25 


0.12 


< 0.01 


0.1 




A7 


5.9 


0.8 


0.2 


0.23 


0.12 


0.25 


0.»3 


< 0.01 


0.1 




A8 


5.9 


0.8 . 


0.6 


0.24 


0.15 


0.24 


0.15 


< 0.01 


0.1 





Table 1: List of chemistries 
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The ingots were preheated at a rate of 35°C/h to 510°C. Upon reaching the preheat temperature, the ingots were 
soaked for a period of 12h prior to hot rolling. The total hot reduction was 95 %. A reduction of 1-2 % was used in the 
first three passes of hot rolling. Gradually the % hot reduction per pass was increased. The materials exiting the mill 
had temperature in the range 300± 10°C. A 40 % cold reduction was applied to the hot rolled materials. Soft temper 

30 materials were produced by annealing the cold rolled materials at 525°C for a period of 1 5 min. Work hardened temper 
materials were produced by soaking the cold rolled materials at 250°C for an hour. The heat-up period was 1h. After 
the heat treatments, the materials were air-cooled. The tensile properties and corrosion resistances of the resultant 
materials are listed in table 2. The data of the alloy A1 are the properties of the standard AA5083 alloy. A comparison 
of the properties listed in table 2 clearly show the significant improvement in tensile strengths without any significant 

35 loss either in ductility or in corrosion resistance. Furthermore, it can be noticed from table 2 that the alloys of current 
invention have more improved strength both in the soft and work hardened tempers as compared to those of AA5383. 
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55 Claims 

1. High strength aiuminium magnesium a,.oy materia, for .arge we.ded structures with the foNowing composition in 
weight percent: 
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Mg 




- / 


Mn 


0.4 


- 1.2 


Zn 


0.4 


-5 


Zr 


0.3 


max. 


Cr 


0.3 


max. 


Ti 


0.2 


max. 


Fe 


0.5 


max. 


Si 


0.5 


max. 


Cu 


0.4 


max. 



70 



remainder Al and inevitable impurities 

each 0.05 max. 

in total 0.15 max. 
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having improved strength in both soft and work hardened tempers as compared to those of AA5083, and at the 
same time 

having ductility, pitting, stress and exfoliation corrosion resistances equivalent to those of AA5083. 

20 2. The material of claim 1 in which 

Mg 5.2-5.6 

Mn 0.7-0.9 

Zn 0.4-1.5. 
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